OBJECTIVEdTo examine racial differences in sleep duration and its relationship with diabetes.
A lthough optimal sleep is increasingly considered an essential component of an overall healthy lifestyle (1) , studies suggest that mean sleep duration has decreased over time (2) . With links between short as well as long sleep duration and increased risks of obesity, hypertension, coronary heart disease, diabetes, stroke, cancer, and mortality (3), racial/ethnic differences in sleep sufficiency may contribute to ethnic disparities in these health outcomes. It has been suggested that sleep restriction is an independent risk factor for diabetes, and investigating racial/ethnic variations in the relationship between sleep duration and diabetes is particularly important, as blacks (and other low-resourced groups) experience a disproportionately high prevalence of diabetes compared with whites (4) .
Based on an understanding that social and environmental conditions may account for racial/ethnic differences in sleep duration, a recent study investigated hypothesized explanations for racial differences in the sleep-diabetes association that focused on socioeconomic position and individuals' living environments (5) . The authors concluded that the black excess of diabetes was independent of sociodemographic and medical characteristics (5) . They, however, considered a limited list of characteristics, which included sociodemographic (i.e., age, sex, and income) and medical (i.e., hypertension, heart disease, and depression) variables among a relatively small sample size. Short and long sleep durations have been shown to increase risk of diabetes (6) , and this relationship may differ by race/ ethnicity (7) . For instance, diagnosed diabetes is at least 60% higher among blacks compared with whites (8) , and a higher prevalence of obesity (particularly among women) that leads to greater glucose intolerance and insulin resistance is believed to contribute substantially to this disparity (4) . Sleep deprivation may increase the risk of becoming overweight or obese, thereby increasing the risk of diabetes (9) , through several pathways that include hyperactivity of the orexin system, which plays a central role in wakefulness and promoting increased food intake (10) . Blacks have reported a higher prevalence of both short and long sleep durations than whites (11) , and sleep duration and quality have been shown to be significant predictors of glycated hemoglobin among black participants (12) .
To determine both the role of socioeconomic factors in the sleep-diabetes relationship and whether they explain potential racial/ethnic differences in the association between suboptimal sleep duration and diabetes among blacks and whites, we analyzed data from a nationally representative sample of the U.S. black and white populations. We hypothesized that the sleep-diabetes association would be partly explained by differences in socioeconomic factors, health behaviors, and medical conditions and that socioeconomic factors would explain any black-white differences in sleep duration and diabetes associations.
RESEARCH DESIGN AND METHODS

National Health Interview Survey
We analyzed data from a series of crosssectional, nationally representative surveys from the National Health Interview Survey Supplementary Fig. 1 ). We excluded non-U.S. born participants for ease of interpretation because some evidence suggests that sleep patterns among immigrants differ from individuals born in the U.S. (14) .
Measures
Sleep duration. All sample adults who were 18 years old or older reported how many hours of sleep they, on average, get in a 24-h period. Interviewers were instructed to report the hours of sleep in whole numbers, rounding values of 30 min or more up to the nearest hour or otherwise rounding down. Usual sleep duration was self-reported and categorized as ,7 h (short), 7 h (optimal), and .7 h (long).
Diabetes. Participants were asked, "Have you EVER been told by a doctor or other health professional that you have diabetes or sugar diabetes?" Those reporting borderline diabetes (n = 1,793) were not considered to have diabetes, and participants 25 years old or younger who reported taking insulin for diabetes (n = 103) were excluded from the analysis to minimize the possibility of including type 1 diabetes cases. Race/ethnicity. Based on self-identification, participants were asked, "What race or races do you consider yourself to be?" They then selected one or more of the following categories: white, black/African American, American Indian/Alaskan native, Asian, and multiple race. Our analysis focuses on blacks/African Americans and whites for ease of interpretation. Socioeconomic status. Educational attainment was categorized as less than high school (,HS) (no high school diploma), high school (HS) (high school or general equivalency diploma), and greater than high school (.HS) (any education beyond high school). Household income was categorized into 0 to ,35,000, $35,000 to ,75,000, and $75,000 USD. Poverty status was based on the participants' best estimate of total income of all family members from all sources. Occupation, based on the Standard Occupational Classification System, was analyzed with 22 robust categories. At the time of the survey, only adults working at a paying or nonpaying job during the week prior to the survey, who had a job or business but were not at work during the week prior to the survey, or who had ever worked were asked about their occupation. Class of work (based on current, longest held, or most recently held job or work situation) was classified as 1) an employee of a private company, a business, or an individual for wages, salary, or commission; 2) a federal, state, or local government employee; 3) self-employed in own business, professional practice, or farm; or 4) working without pay in a familyowned business or farm. Health behaviors. Smoking status was categorized as "ever" or "never." Lifetime alcohol drinking status was assessed and classified as either "ever" or "never." Leisure-time physical activity was analyzed as "none," "low," or "high." Engagement in at least some level of activity based on reported number of moderate-tovigorous activity bouts was dichotomized at their median and classified as "low" or "high." Participants reporting "never" or "unable to do this type activity" were classified as "none." Medical conditions other than diabetes. Sample adults were asked if they had ever been told by a doctor or other health professional that they had "hypertension, also called high blood pressure." We combined reports of diagnosed heart conditions (e.g., coronary heart disease, myocardial infarction) to adjust for heart disease. Although depression was not consistently measured over the study period, a select number of participants who reported an activity limitation were asked whether they were chronically limited by depression, anxiety, or emotional problems.
Covariates. Based on self-report, BMI was calculated by dividing weight in kilograms by the square of height in meters. Obesity was defined as BMI $30 kg/m 2 , overweight 25.0-29.9 kg/m 2 , normal weight 18.5-24.9 kg/m 2 , and underweight ,18.5 kg/m 2 (15). Self-reported health status was categorized as excellent/ very good, good, or fair/poor. Marital status was categorized as married, divorced/ separated/widowed, or never married, and regions of the country were categorized as South, Midwest, Northeast, and West.
Statistical analysis
We pooled eight survey years (2004-2011) of NHIS data merged by the Integrated Health Interview Series (16), a federal effort to create consistent codes and documentation based on public use data files of the NHIS. Sampling weights that account for the unequal probabilities of selection resulting from the sample design, nonresponse, and oversampling of certain subgroups were used for all analyses.
Taylor series linearization was used to calculate SEs (17) . A two-sided P value ,0.05 was considered statistically significant. STATA statistical software, version 12 (STATA, College Station, TX), was used for all analyses (18) . Continuous variables were expressed as means 6 SE, whereas categorical variables were presented as absolute values with corresponding percentages. The Rao-Scott Second-order corrected Pearson statistic takes survey weights into account and was used to test for differences in prespecified sociodemographic, clinical, and behavioral characteristics between whites and blacks with regard to sleep duration and diabetes.
To estimate prevalence ratios (PRs) corresponding 95% CIs, we used Poisson regression models with a robust variance estimator, which is preferred over the traditional logistic regression model providing odd ratios that confer overestimates when the outcome is prevalent ($10%) (19) . Prespecified socioeconomic, health behavior, demographic, and clinical characteristics were entered into the model as a group in an inclusive stepwise manner, and white participants were used as the reference categories for the black-white comparisons because they had the largest sample size. For models stratified by race as well as a separate model with a multiplicative interaction term for race and sleep for which the value is to be added to the respective regression slope for black participants, we first adjusted for age (25-49, 50-64, and $65 years) and sex (male, female) and then for socioeconomic factors (i.e., household income, poverty status, education, occupation, and employment status). We subsequently adjusted for alcohol consumption, smoking status, leisure-time physical activity, and marital status before adjusting (in a separate model) for heart disease, hypertension, and standard BMI categories. During the adjustment for medical conditions, we excluded participants with chronic limiting depression, anxiety, or emotional problems, as during all survey years only a select number of participants (n = 3,110) who reported an activity limitation were asked about whether they were chronically limited by the aforementioned conditions. In sensitivity analyses, we examined separately whether sex and age modified the relationship between sleep and diabetes.
RESULTSdAmong 130,943 participants, mean age was 50.6 years, 49% were men, 13% were black, and 30% had at least a college education. Usual sleep among all participants was 7.1 6 0.01 h, and 9% reported having had a diabetes diagnosis.
Sociodemographic, health behavior, and clinical characteristics of participants by sleep duration and race/ethnicity are provided in Table 1 . Compared with blacks in all categories of sleep duration, whites were older, less likely to be women and to live in poverty, and more likely to have a college education, be married, and be self-employed. Across all sleep categories, blacks were more likely to live in the southern region of the country, be never smokers and alcohol consumers, and be more likely to report never engaging in leisure-time physical activity. Blacks were also more likely than whites to be overweight/obese and hypertensive as well as to report a fair/poor health status. Diabetes prevalence (9, 643 [9%] in whites and 3,612 [15%] in blacks) varied by short, optimal, and long sleep duration for whites (10, 7, and 9%, respectively) and blacks (16, 13 , and 15%, respectively) (Fig. 1A) . The mean predicted probability of diabetes was also substantially higher in blacks compared to whites at every hour of sleep duration until the extreme at 11 hours of sleep or more ( Fig. 1B) .
Explanatory factors for the sleepdiabetes relationship among blacks and whites
As displayed in Table 2 , blacks were more likely to report short sleep duration (37 vs. 28%), less likely to get 7 h of sleep (24 vs. 33%), and had the same proportion of long sleepers (39 vs. 39%) compared with whites. There was a U-shaped association between diabetes and sleep duration in both blacks and whites, and nonsuboptimal sleep duration was more strongly associated with diabetes in whites than blacks among both short sleepers (PR . Long duration of sleep was no longer associated with diabetes prevalence in blacks after adjustment for socioeconomic status (SES) (PR 1.00 [95% CI 0.89-1.12]). The magnitude of attenuation after SES adjustment was similar for blacks and whites. Among whites, long and short sleep remained significantly associated with diabetes prevalence after further adjustment for health behaviors, marital status, BMI, heart disease, and hypertension among participants without chronic limiting depression, anxiety, or emotional problems.
Explanatory factors for the blackwhite disparity in the sleepdiabetes relationship
Although the diabetes PRs were weaker in blacks compared with whites, blacks had a stronger association between diabetes and both short (P for interaction = 0.004) and long (P for interaction ,0.0001) sleep in the age-adjusted model ( Table 3 ). The association between diabetes and black race was stronger in long versus short sleepers, and short sleep remained significantly associated with diabetes (P for interaction = 0.030) in the fully adjusted model, while long sleep was significant until additional adjustment for medical conditions (P = 0.114). For short sleepers, the racial/ethnic difference in the sleep-diabetes association was nonsignificant after adjustment for socioeconomic factors (P = 0.068) but became statistically significant after additional adjustment for health behaviors and medical conditions (P = 0.030). For long sleepers, the racial/ ethnic difference remained significant after adjustment for socioeconomic factors and health behaviors (P = 0.010) but became nonsignificant after controlling for medical conditions (P = 0.114).
CONCLUSIONSdWe found that blacks were more likely to report short sleep duration, less likely to get 7 h of sleep, and had the same proportion of long sleepers compared with whites. The prevalence of diabetes showed a U-shaped distribution with sleep duration in both whites and blacks, but blacks had significantly higher diabetes prevalence at a given sleep duration. Socioeconomic factors appeared to explain much (though not all) of the association between sleep and diabetes in blacks. The observed racial/ethnic disparity in the short sleep-diabetes relationship was partially explained by SES. Additional adjustment or behavioral factors and medical conditions, which are considered downstream products of SES, however, accentuated the racial disparity in the short sleep-diabetes relationship.
Based on both objective and subjective measures, previous studies have found that sleep duration differs for blacks and whites (20) . Most studies, using objective measures like actigraphy or polysomnography, found that blacks have shorter sleep durations than whites (21) . It has also been suggested that blacks have more extreme sleep durations than whites (22) , which was consistent with our findings, as blacks were more likely to report short sleep and less likely to have sufficient sleep, and although the same proportion had long sleep, blacks were more likely to have extreme lengths of sleep ( Supplementary  Fig. 2) .
Whites appear to get more and betterquality sleep compared with racial/ethnic minorities, and blacks are the most likely to get shorter, more restless sleep (23). Short sleep duration has been shown to have more deleterious health effects in blacks compared with whites, as blacks are at a particularly increased risk for metabolic disorders like insulin resistance and hypertension (24) . Although not supported by results from this study, racial differences in sleep may occur because blacks are more likely than whitesddue to lower SESdto be exposed to physical and social environments with greater noise and light pollution as well as stressful activity (e.g., single parenting, crime) that may interfere with the acquisition of optimal sleep (23) . It is well known that blacks (especially women) experience more weight gain, and some physiologic studies suggest that insufficient sleep may lead to increased weight by influencing one's appetite, levels of physical activity, and thermoregulation (25) . For example, sleep deprivation has been linked to an increased appetite for sweet and salty foods, which could contribute to the poorer diet quality observed in blacks and disadvantaged populations (e.g., shift workers) (26) . Sleep quality has also been shown to be mediated by perceived stress in blacks (27) . Therefore, based on the interaction after SES adjustment alone, it is plausible that observed racial/ethnic disparities in sleep are partially explained by differences in SES because it is a strong determinant of the factors (e.g., health behaviors, medical conditions) that were subsequently adjusted. It has also been suggested that cultural values, beliefs, and practices may be important determinants of sleep sufficiency that should be investigated in addition to biopsychosocial determinants (28) . Cultural factors (e.g., late-night socializing) may also impair optimal sleep (23) . Regarding the potential importance of socioeconomic factors on sleep, a recent study by Ertel et al. (29) investigated the interplay between socioeconomic factors, occupational exposures, and race/ ethnicity on sleep duration, hypothesizing that low education and income as well as occupational exposures related to night work and job strain would account for the ethnic difference in sleep duration between African/Caribbean immigrants and whites. The authors found that socioeconomic and occupational characteristics explained some but not all of the ethnic difference in sleep duration among health care workers. It would be useful for a future study with comparable data to investigate these potential mechanisms in a nationally representative sample of U.S.-born blacks and whites. Another study investigating short sleep duration across income, education, and racial/ethnic groups over 34 years of follow-up found that socioeconomic position is a robust determinant of short sleep duration, even after adjustment for healthrelated characteristics linked to short sleep duration (22) .
In terms of potential racial differences in the sleep-diabetes relationship, a previous cross-sectional study investigating socioeconomic, demographic, and medical determinants with just under 30,000 participants demonstrated a higher prevalence of diabetes among individuals with suboptimal sleep duration (30) . The authors concluded that SES and comorbid conditions did not explain the excess diabetes that blacks experienced. They, however, adjusted for an incomplete list of socioeconomic characteristics by not incorporating occupational factors, which have been shown to be potentially important explanatory factors for blackwhite differences in sleep duration among immigrants (29) . They also used a reference of 6-8 h of sleep and included participants starting at 18 years old whose individual socioeconomic factors may not accurately reflect their actual socioeconomic position and access to healthpromoting resources, as individuals in this age-group are often in an unstable stage in life.
Our finding that diabetes remained significantly associated with long sleep in whites after all adjustments may have occurred because we were unable to account for factors like perceived stress Table 2dDiabetes prevalence and PRs by sleeping duration for blacks and whites adjusted for individual socioeconomic, demographic, health behavior, and clinical characteristics: Diabetes, n (%) 3,612 1,336 (38) 703 (20) that have been associated with long sleep in previous studies (31) . Racial/ethnic differences in social and cultural factors (e.g., late-night socializing with friends and family) may start early in life and contribute to disparities in the sleep-diabetes association (32) . The long sleep-diabetes association is also subject to reverse causation, as individuals at higher risk of developing diabetesdlike those with depression or chronic diseasedmay sleep longer because of the underlying condition. Last, sleep quality may be lower in long sleepers, but these factors were not adjusted for in the analyses. Potential mechanisms linking sleep to diabetes may differ between short and long sleep. For instance, suboptimal short sleep has been shown to increase insulin resistance, impair glucose metabolism (especially in the brain), and increase blood pressure, cortisol levels, and lowgrade inflammation (33) . Associated with hunger/appetite and caloric intake due to increases in ghrelin and decreases in leptin, sleep restriction may also lead to greater time to eat as well as fatigue leading to lower physical activity levels, thereby increasing risk of weight gain and subsequent health risks (33) . Furthermore, dopamine levels and gastric reflux have also been considered important contributors to insomnia as well as to difficulties in maintaining sleep (34) .
The potential mechanisms underlying the association between long sleep duration and increased diabetes risk are currently considered more speculative. Depression, unemployment, physical inactivity, poor health status, and chronic health conditions may contribute to suboptimal, long sleep and its association with diabetes (3, 28) . In terms of behavioral mechanisms, individual characteristics that could further impact sleep acquisition include smoking and alcohol consumption (28) . Obstructive sleep apnea, as an example, is a known cause of daytime sleepiness or increased need for sleep and has been identified as a risk factor for insulin resistance and diabetes (35) . An additional mechanism could be the sleep-inducing effects of proinflammatory cytokines that have been associated with elevated insulin resistance or obesity (36) . Among those with diabetes, it is also possible that long sleep is a consequence of the diabetic or inflammatory state, as diabetes itself could impair the quantity of sleep owing to nocturia, neuropathic pain, or other pathologies that individuals with diabetes often experience (36) .
Our study has several limitations that deserve to be mentioned. First, we had a cross-sectional study design, which is not ideal for assessing diabetes risks and elucidating causal factors, as the lack of temporality makes it difficult to determine whether the modifiable factors we adjusted for served as confounders or mediators of the sleep-diabetes relationship. Second, we also relied on self-reported sleep duration, whereas actigraphy and polysomnography (the gold standard) provide more objective measures (21) . However, a moderate correlation (r = 0.45) between reported and measured sleep has been shown, and blacks and whites do not appear to appreciably differ in their reporting error regarding sleep duration (21) . Third, sleep qualitydaffected by factors like sleep apneadis an independent predictor of diabetes risk, but it was not assessed in our study (12) . Fourth, we did not have access to disease verifications, but self-reports of diagnosed diabetes have been shown to be valid (37) . Fifth, owing to data collection procedures, we were also unable to separate participants with type 1 versus type 2 diabetes in order to exclude participants with type 1 diabetes from the group reporting diabetes status. We were, however, able to exclude those who reported a diabetes diagnosis and insulin use when #25 years old. Furthermore, type 1 diabetes represents 5% of diabetes cases, which makes it reasonable to assume that the vast majority of cases were type 2 diabetes. Last, our adjustments for occupation categories may include a disproportionate number of shift workers, and most categories may be confounded by sleep duration. These categories also correlate with wealth or other parameters of interest. We, however, did not have data on shift work.
Our study had important strengths despite the limitations. For instance, our data were based on a large sample size with a large minority population where robust stratifications were possible. Modification testing for several a priori factors of interest was also possible because of the large sample size. Furthermore, our data are nationally representative, and we had access to recent data. We also directly estimated PRs rather than odds ratios for easier interpretation by public health professionals. As suboptimal sleep duration was positively associated with diabetes in blacks and whites and modifiable socioeconomic characteristics appear to largely explain the association in blacks as well as the disparity between ethnicities for short sleepers, the main implication of our study is that there are modifiable, explanatory factors related to SES for the sleepdiabetes association as well as racial/ethnic disparities in the association. Our findings, along with those from previous studies, suggest that increased awareness and modification of physical, home, and working environments that may impair optimal sleep should be investigated (32, 38) . Future studies should use prospective designs to investigate racial differences in diabetes risk by sleep. Studies should also explore possible structural mechanisms/interventions related to socioeconomic factors to elucidate and address racial/ethnic disparities in the sleep-diabetes association.
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